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We present a mechanical laser shutter design that utilizes a DC electric motor to rotate a blade which blocks 
and unblocks a light beam. The blade and the main body of the shutter are modeled with computer aided 
design (CAD) and are produced by 3D printing. Rubber flaps are used to limit the blade’s range of motion, 
reducing vibrations and preventing undesirable blade oscillations. At its nominal operating voltage, the 
shutter achieves a switching speed of (1.22 ± 0.02) m/s with 1 ms activation delay and 10 p,s jitter in its 
timing performance. The shutter design is simple, easy to replicate, and highly reliable, showing no failure 
or degradation in performance over more than 10® cycles. 

PACS numbers: 07.10.-h; 07.60.-j 


Fast and robust optical shutters are essential to many 
laser-based experiments, as well as technological appli¬ 
cations. These experiments, spanning a wide range of 
research areas in science and engineering, require the 
shutter to have the following performance characteris¬ 
tics: short switching time, small activation delay, high 
timing precision or low jitter, low vibration and heat dis¬ 
sipation, an aperture size capable of accommodating the 
relevant beam sizes, high extinction ratio, laser power 
handling sufficient for the blocked beam, and a long op¬ 
eration lifetime. 

To be useful for precise laser experiments, shutters re¬ 
quire excellent timing performance, with short activation 
delays, fast switching times, and low timing jitters. A 
short activation delay allows for the generation of short 
light pulses, and a fast switching time allows for generat¬ 
ing pulses with well-defined edges. A small timing jitter 
allows precise pulse timing control and synchronization 
with other parts of the experimental apparatus. These 
three qualities are necessary for the shutter to quickly 
and accurately realize a desired laser intensity profile over 
time. 

A shutter can be operated based on a large variety 
of mechanisms. Shutters based on electro-optical and 
acousto-optical modulators are very fast and hence have 
excellent timing performance, but require careful align¬ 
ment. Most importantly, these types of shutters are 
unable to provide full extinction and transmission of 
the incident light, which can only be achieved by me¬ 
chanical shutters. Many commercial laser safety inter¬ 
lock and diaphragm shutters exist®’®, but they are typi¬ 
cally not designed for applications in optics experiments; 
these shutters do not possess the desired timing per¬ 
formance and produce high noise and vibrations during 
operation. Commercial shutters with the requisite high 
performance®’^® have costs that are impractical for typi¬ 
cal laboratories, which can require tens of shutters. 

Lacking satisfactory commercial options, various labo- 
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FIG. 1. CAD rendering of the shutter design. There is an 
upper aperture and a lower aperture, symmetric about the 
height of the motor axle, through which the laser beam can 
travel. The motor axle rotates the shutter blade to alternately 
block and unblock each aperture. 

ratories have developed custom-made mechanical shutter 
systems^^®’^’^^. However, we find that these designs have 
drawbacks that limit their usability. Systems that uti¬ 
lize piezo actuators provide fast switching times and low 
timing jitter^, but have insufficient extinction ratios and 
small sweep ranges. A design based on the modification 
of voice-coil motors in computer hard disk drives achieves 
both high speeds and a large aperture diameter^, but is 
too bulky in size for flexible placement in most optical se¬ 
tups. Another design, based on the thermal expansion of 
NiCr wire, achieves activation delay of less than 300 p.s^^, 
but cannot operate at repetition rates with switching in¬ 
tervals shorter than 5 seconds due to the long relaxation 
time required for the thermal recovery of the wire. 

Most importantly, the aforementioned shutter designs 
capable of high speed and precision all require compli¬ 
cated and delicate assembly. This leads to three major 
disadvantages that severely restricts the large-scale ap¬ 
plication of these shutter designs. The difficult assembly 
process makes it hard to construct and maintain the shut¬ 
ters in the quantities typically required by a laboratory. 
Higher complexity decreases the reliability of the shutter 
as the overall shutter system contains more elements vul¬ 
nerable to mechanical or electrical malfunctioning; this 
is especially important for applications that require long- 
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FIG. 2. Shutter units stacked on an optical post (left) and 
front and side view of shutter with plastic blade (right). 


term operation. Lastly, the high sensitivity of each shut¬ 
ter to fine variations in its construction process causes 
performance inconsistency among separate shutter units. 

In this article we present a compact and high- 
performing shutter system that is simple to construct 
and easy to replicate consistently. The main components 
of the shutter are the 3D printed plastic mount and shut¬ 
ter blade, a DC electric motor, and an electrical driver 
circuit. Assembly of the shutter and its driver takes un¬ 
der an hour when provided the required materials, which 
consist of easily obtainable electrical components and 3D 
printed ABS plastic structures that can be produced in 
any desired quantity in one operation. Testing of the de¬ 
sign shows both high speed and high reliability; the shut¬ 
ter has operated with sub-millisecond switching time for 
over 10® cycles without degradation. 

The shutter design is presented in Fig. 1. The DC 
motor rotates the shutter blade which blocks and un¬ 
blocks the laser beam. The axle of the motor is flattened 
such that its rectangular cross section matches the shape 
of the hole in the blade through which the axle is in¬ 
serted; this prevents slipping between the axle and the 
blade during operation. The axle is further secured in 
place by Loctite 420 cyanoacrylate adhesive (CA). Two 
neoprene rubber flaps act as physical stops to halt the 
motion of the blade. The rubber flaps are attached to 
the plastic support by CA and dampen vibrations from 
the blade that would otherwise cause the blade to bounce 
back and lead to undesirable transient blocking or un¬ 
blocking of the beam. Laser beams can travel through 
the upper or lower aperture, both with a diameter of 2.5 
mm, which are alternately blocked and unblocked during 
operation. The blade has a sweep range of 12 mm. The 
entire structure can be secured to an optical post through 
the mounting hole, as shown in Fig. 2, and is compact 
enough to be inserted into any optical setup. 

The electrical circuit of a single shutter driver, pre¬ 
sented in Fig. 3, primarily consists of an H bridge and a 
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FIG. 3. Circuit schematic for a single shutter, with part num¬ 
bers indicated. 



FIG. 4. Transmission of laser beam (with 1 mm waist) 
through the aperture versus time elapsed after the TTL sig¬ 
nal. Activation delay is the time interval between the appli¬ 
cation of the TTL signal and 50% transmission. Switching 
time is the time interval between 80% transmission and 20% 
transmission. 


pulse-generating RC circuit similar to another reported 
design®. The circuit allows for bipolar driving of the 
motor with a unipolar electrical supply. The timing se¬ 
quence of the opening and closing of the shutter is con¬ 
trolled by the TTL input signal. 

This shutter design demonstrates excellent timing per¬ 
formance through its short activation delay, fast switch¬ 
ing time, and low timing jitter. A fast avalanche photo¬ 
diode (APD) was used to measure the transmission of a 
laser beam through the aperture during repeated blade 
transitions, giving the activation delay and the switching 
time of the shutter. Fig. 4 shows typical measurements 
of the transmission power of the laser beam during a 
single transition. Opening and closing delay times are 
between 1 and 2 ms, depending on the alignment of the 
laser beam through the shutter aperture. The speed of 
the shutter blade was measured by clipping an expanded 
laser beam with a metal sheet and determining the de¬ 
lay time taken by the shutter to provide complete ex¬ 
tinction of the incident laser beam. This corresponds 
to the time between when the blade starts moving and 
when it reaches the edge of the metal sheet. By pre¬ 
cisely translating the metal sheet parallel to the shutter 
blade’s motion and recording the delay until complete 
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FIG. 5. Distribution of 100 measurements for the switching 
times (top) and delay times (bottom) at different operating 
voltages Vcc- 




FIG. 6. Jitter range and distribution of delay times (top) 
and switching times (bottom) over 14 hours with operating 
voltage Vcc = 9 V. 


extinction, the speed of the shutter blade was found to 
be (1.22 ± 0.02) m/s with the nominal operating voltage 
of 9 V, and increases as the operating voltage increases. 
As such, the activation delay and switching time are in¬ 
versely correlated with the operating voltage, as shown in 
Fig. 5. The typical jitter range in activation delay and 
switching time were measured to be about 20 /rs and 10 
/iS, respectively, also decreasing with increased operating 
voltage. The jitter of the shutter’s timing response over 
1000 measurements in a sample period of 14 hours are 
shown in Fig. 6, illustrating the high mechanical stabil¬ 
ity provided by rubber flaps in arresting the motion of 
the shutter blade. 

The shutter shows high consistency in the timing per¬ 
formance between each unit. The performance variation 
between different shutter units is smaller than the per¬ 
formance variation caused by removing the shutter from 
the setup and placing it back in the same position. 

The shutter presented in this design operates with low 
power usage, thereby extending its functional lifetime 
and minimizing its effects on the surrounding compo¬ 
nents in the optics setup through heating. The mechani¬ 
cal motion of the shutter is bistable; the shutter requires 
only 2-3 mA of current to keep the blade in its raised or 
lowered position, in contrast to unistable shutter systems 
which require current on the order of 100 mA to keep the 
shutter’s position fixed^’^. The shutter has an opera¬ 
tional voltage range of 4 to 15 V. Below 4 V, the motor 
cannot overcome static friction to actuate the blade mo¬ 
tion, while above 15 V, excessive driving force causes the 
blade to bounce back from the rubber flap and cause tem¬ 


porary unwanted blockage or opening of the aperture. At 
an operating voltage of 9 V, the circuit only dissipates 13 
mJ of energy in the shutter motor during each transition. 

The shutter operates with a maximum short-term rep¬ 
etition rate of 110 Hz, and a maximum long-term rep¬ 
etition rate of 20 Hz. These limitations are due to the 
softening of the ABS plastic from high heat dissipation 
by the motor and could be solved by adding a heat sink 
to the mounting structure or by fabrication of the shut¬ 
ter components from more heat-resistant materials. The 
laser power-handling limit of the shutter with the plas¬ 
tic blade is 50 mW for a beam size of 1 mm. However, 
the plastic blade can be replaced with metal, as shown 
in Fig. 2, and the metal surface could be painted black 
to absorb and dissipate energy from the laser. We esti¬ 
mate that this would increase the power-handling limit 
to above 1 W. 

The shutters, both those with plastic blades and those 
with metal blades, produce minimal noise and vibrations. 
At an operating voltage of 4 V, operation is not de¬ 
tectable by ear. Noise and vibration could be further 
reduced by adding electronic braking to the driver cir¬ 
cuit. 

Applications of this mechanical shutter design can be 
further extended by replacing the opaque blade with an 
optical component. In this way, one can remotely place 
components such as a polarizing element, a wave plate, 
or an attenuator, in and out of the path of a laser beam. 
The low jitter in shutter timing is equivalent to a high 
repeatability of the blade position during each shutter cy¬ 
cle. This suggests that even alignment-sensitive elements 
such as lenses or prisms could also be used in place of the 
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opaque blade for controlling laser beam alignment or fo¬ 
cusing. 

In conclusion, we have designed and implemented a 
simple, compact, robust, low-noise, high-performance 
laser shutter, based on a small commercial DC motor, 
3D printed shutter body and blade, and rubber motion 
stops. The shutter has a lifetime and timing performance 
comparable to commercial shutters with both very low 
cost and time of construction. Most importantly, this 
shutter is easy to reproduce in large numbers with high 
consistency, as the mechanical structure is fixed by the 
CAD file used for 3D printing and requires no extra tin¬ 
kering during assembly, and is highly reliable due to the 
elimination of variations in assembly and the simplicity of 
the mechanism. We expect this design to be highly use¬ 
ful in laser experiments across many disciplines, where it 
could fill a niche where commercial options are currently 
limited. 
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